1. Introduction {#sec1}
===============

Arracacha or Peruvian carrot (*Arracacia xanthorriza*) is a native tuber of the Andean region in South America in countries, like Colombia, Peru, Bolivia, and Ecuador ([@bib11]; [@bib28]; [@bib29]). Traditionally, Arracacha ranks among the main carbohydrate sources in said countries, alongside potatoes, plantains, and cassava due to its traditional use in culinary dishes([@bib22]; [@bib25]; [@bib32]; [@bib39]). In recent years, interest in Arracacha has increased, especially in Colombia where crops have grown considerably, however, it is still and underused product, that could have many applications in different areas of the food industry ([@bib25]). Likewise, there is a growing interest i in the food industry for new starch sources, such as Andean tubers, which can be used as food ingredients and additives ([@bib11]; [@bib12]; [@bib14]).

Starch is produced by most plants as an energy reserve, being the second most-common biomass on earth after celluloses ([@bib51]). It is found as small granules of different morphologies in plant tissues, mainly seed, roots, tubers, leaves, and fruits ([@bib30]; [@bib43]; [@bib49]; [@bib51]). The chemical structure of starch is classified as a polysaccharide composed of α-D-glucopyranosyl units that can be linked in either α-D-(1--4) and/or α-D-(1--6) linkages ([@bib30]). Due to these two types of linkages, two molecules can be found in the starch granules: the linear amylose formed by glucose units linked in α-D-(1--4) manner and the branched amylopectin, formed by glucose units branched through α-D-(1--6) linkages ([@bib30]). The amylose/amylopectin ratio in the starch granule is heavily dependent on the botanical sources and cultivar conditions. Common native starches have amylose percentages that range between 20% and 30% and amylopectin ranging from 70% to 80%. Likewise, there are starch granules with higher amylopectin content, such as waxy maize and waxy rice starch.

One of the main characteristics of Arracacha is that it can be classified into three main varieties, easily identifiable by their pulp color: white, yellow and purple with many sub-varieties from each color. Recently, studies have focused on characterizing starches from those three Arracacha varieties, reporting small differences among them, especially in their thermal properties ([@bib11]; [@bib28]). Furthermore, the authors reported that Arracacha starches tend to have low gelatinization temperature and high water absorption capacity. There are many sub-varieties related to each of the main color varieties. They usually differ in the physical appearance of the tuber, and some traditional gastronomic uses, however, to the best of our knowledge, no studies exist on the characterization properties of starches from the different Arracacha sub-varieties of the same pulp color. Therefore, this work studied the structural characteristics, such as granule morphology, particle size, relative crystallinity and branching degree of starches from four sub-varieties of yellow Arracacha grown in Colombia. Results from thermal properties, such as gelatinization and pasting properties are also reported, in order to increase the possible applications of this important Andean tuber in the food industry.

2. Materials and methods {#sec2}
========================

2.1. Materials {#sec2.1}
--------------

Arracacha tubers from four yellow sub-varieties: *Comun* (Com); *Cartagenera* (Car); *Clon-22* (C22), and *Yema de Huevo* (YH) were kindly provided by AGROSAVIA from their experimental cultivar in Cajamarca (Tolima), Colombia. Roots were harvested in April 2018 and rapidly transported to the Postharvest Research Laboratory in Armenia (Quindío), Colombia for starch isolation and further analysis.

2.2. Starch isolation {#sec2.2}
---------------------

Starch isolation was carried out according to the method described by [@bib1] with some modifications. In brief, Arracacha tubers were carefully washed and peeled with a kitchen knife. Then, they were cut into 2-cm slices and blended for 2 min. The homogenate was then washed through screens (20, 40, and 60 US mesh) to eliminate fiber residues; thereafter, the solution was left to decant during 3 h. The white starch sediments were dried in a Digitronic J.P Selecta hot-air oven at 40 °C during 48 h. The solids were ground with a pestle and passed through a sieve (100 US mesh) and placed into a sealed container and stored at room temperature until required.

2.3. Compositional characterization {#sec2.3}
-----------------------------------

Compositional analysis of the isolated starches was carried out by using the following methods: dry matter via the 934.06 AOAC method ([@bib56]); protein analysis was performed by using the 960.52 method ([@bib57]); fat content was determined by using the 960.39 method ([@bib57]); and crude ash content was determined by using the 923.03 method ([@bib57]). Total starch content was determined using an enzymatic starch determination kit (Megazyme International, Wicklow, Ireland) as reported by [@bib17] Finally, amylose content was determined through the colorimetric method proposed by [@bib4].

2.4. Structural characterization {#sec2.4}
--------------------------------

### 2.4.1. Morphology and particle size {#sec2.4.1}

Granule morphology and particle size were studied by using Scanning Electron Microscopy (SEM). Analyses were carried out in a FEI QUANTA 250 SEM microscope (Oberkochen, Germany). Samples were placed on circular aluminum stubs with double-sided carbon adhesive tape and images were captured at different magnifications. Mean particle size was determined from the SEM images by using the ImageJ software (ver. 1.49, National Institutes of Health, USA). Mean particle for each sub variety was calculated by measuring 100 starch granules, from different micrographs of the same sample. Furthermore, three different starch samples from each sub variety were used.

Polarized Light Microscopy (PLM) analyses were carried out on a polarized microscope (BX41, Olympus, Japan). A droplet of the starch slurry was applied to microscopic observation and images were taken at different magnifications.

### 2.4.2. X-ray diffraction {#sec2.4.2}

X-ray diffraction (XRD) patterns were obtained in a Bruker D8 Advance X-ray diffractometer operated at 40 kV and 100 mA with a Cu--K, radiation (λ = 1.54 Å). All samples were scanned through the 2θ range from 5 -- 40°, with a continuous scan mode at room temperature. Relative crystallinity was calculated as the ratio of the crystalline area to the total diffraction pattern area, as reported by [@bib53] using [Eq. (1)](#fd1){ref-type="disp-formula"}:$$Relative\ Crystallinity\ \left( {\% RC} \right) = \ \frac{A_{c}}{A_{c} + A_{a}}x\ 100$$where A~c~ is the area of the crystalline region and A~a~ is the area of the amorphous region of the diffraction pattern.

### 2.4.3. FTIR {#sec2.4.3}

In order to understand the structure of the four yellow Arracacha starches studied, several techniques were used; among those techniques, Fourier transform infrared (FTIR) can be used to understand several aspects of the starch granule composition and internal structure as it based in the vibrations of chemical bonds due to infrared radiation ([@bib21]; [@bib41]). FTIR analyses were performed by using a Prestige 21 Shimadzu FTIR spectrophotometer. All the samples were pressed as pellets with potassium bromide (KBr), dried, and placed in the FTIR spectrophotometer. Transmittances were recorded at wave numbers between 4000 and 400 cm^−1^ at a resolution of 2 cm^−1^.

### 2.4.4. ^1^H NMR {#sec2.4.4}

^1^H NMR spectroscopy studies were performed as reported by [@bib40] and modified by [@bib45]. In brief, approximately 10 mg of starch were mixed with 1 mL of anhydrous DMSO- *d*~*6*~ in glass vials. The mixture was gently stirred and the vials were sealed with Parafilm. The vials were then homogenized in a shaking bath at 70 °C and 300 rpm during 48 h; 28 μL of TFA-d~1~ were added to the samples just before NMR measurement, and the mixture was transferred to 5 mm NMR tubes. Analyses were carried out in Bruker spectrometer operating at a frequency of 400 MHz for ^1^H. Spectra were recorded at 70 °C and analyzed by using the Bruker TopSpin version 4.0.7 software. All spectra were manually phased and baseline-corrected. A Lorentzian fit was used for spectral deconvolution.

Degree of branching (DB), expressed as the number of branching points with respect of the total number of glucosidic linkages, was calculated as reported by [@bib45] by using [Eq. (2)](#fd2){ref-type="disp-formula"}:$$DB\ \left( \% \right) = \ \frac{I_{\propto - 1,6}}{I_{\propto - 1,6} + \ I_{\propto - 1,4}\ }x\ 100$$where, I~α-1,6~ and I~α-1,4~ represent the ^1^H NMR integrals of the signals of the anomeric carbons of the α-1,6 and α-1,4 linkages at 5.11 and 4.75 ppm, respectively.

2.5. Thermal properties {#sec2.5}
-----------------------

### 2.5.1. Gelatinization {#sec2.5.1}

Differential scanning calorimetry (DSC) studies were carried out in a DSC- 214 Polyma-Netzsch (Germany) equipment. Samples were dried at (50°) for 16 h to remove all moisture content. An appropriate amount of the samples (2--3 mg) were weighed in an aluminum pan and 6--7 μL of water was added. The pans were sealed and the samples were heated from 25 to 105 °C at a 5 °C/min rate; an empty pan was used as reference. Runs were operated under a N~2~ atmosphere (30 mL/min). The DSC thermograms were analyzed, as well as T~0~ (onset temperature), T~p~ (peak temperature), and ΔH~g~ (gelatinization enthalpy).

### 2.5.2. RVA {#sec2.5.2}

Pasting profiles were obtained with a Rapid Visco Analyzer (RVA) model RVA-4 series (Newport Scientific, Warriewood, Australia). An appropriate amount of starch (dry base) was dispersed in distilled water in 25 mL of water to obtain 5% suspension. Analyses were performed by using the following temperature profile: samples were held at 50 °C for 1 min, then heated from 50 to 90 °C at a 6 °C/min rate. Temperature was held at 90 °C for 5 min, then cooled to 50 °C at a 6 °C/min rate under continuous stirring at 160 rpm. Pasting temperature (PT), peak viscosity (PV), hot paste viscosity (HPV) at the end of the temperature plateau at 90 °C, and the cool paste viscosity (CPV) at 50 °C, breakdown (BD), total setback (SB), and consistency (CS) were determined.

2.6. In-vitro starch digestion {#sec2.6}
------------------------------

The rapidly digestible starch (RDS), slowly digestible starch (SDS), and resistant starch (RS) fractions of the four Arracacha starches were determined according to [@bib18]. In brief, 0.1 g of Arracacha starch were mixed with 4 ml of sodium acetate buffer (0.5 M, pH = 5.2). An enzymatic solution was prepared by mixing 2.7 mL of porcine pancreatic α-amylase (0.11 g/mL) and 0.3 mL of amyloglucosidase. The enzyme solution was freshly prepared for each digestion. The starch suspension was mixed with 1 mL of the enzymatic solution and incubated in a shaking water bath at 37 °C (200 rpm). Aliquots of 0.1 mL were taken every 20 min and hydrolyzed glucose content was measured by glucose oxidase-peroxidase reagent.

2.7. Water sorption isotherms {#sec2.7}
-----------------------------

Water sorption isotherms were determined as proposed by [@bib44]. Different salts (CaCO~3~, NaCl, and KCl) and H~2~SO~4~ were used to produce relative humidity ranging from 10% to 98%. Arracacha starch samples were placed into a desiccator containing H~2~SO~4~ for over one month (until constant weight) to reach water contents of 3% (w.b) and ensure the adsorption process. Samples of about 2 g of Arracacha starch were placed in small plastic containers and then stored inside a sealed desiccator, with the different solutions for each different relative humidity (10; 33; 47; 75; 87; 98%). The desiccator was left in temperature controlled room (25 °C) until equilibrium was been reached. Samples were weighed every 7 days until constant weight was reached. The experimental data for the adsorption isotherms obtained was fitted to the B.E.T and G.A.B models.

2.8. Statistical analysis {#sec2.8}
-------------------------

All experiments were carried out in triplicate and results were analyzed by multifactor analysis of variance (ANOVA) with 95% significance level using Statgraphics® Plus 5.1. Multiple comparisons were performed through 95% least significant difference (LSD) intervals.

3. Results and discussion {#sec3}
=========================

3.1. Compositional analysis {#sec3.1}
---------------------------

The compositional analysis of the four yellow Arracacha starches is presented in [Table 1](#tbl1){ref-type="table"}. All four starches showed lipid, starch and ash content below 1%, with *Com* Arracacha starch showing the highest lipid value. These values agree with previous reports of the compositional content of Arracacha and other tuber starches ([@bib11]; [@bib28]; [@bib52]; [@bib54]). Furthermore, all four Arracacha samples showed starch content above 95%, with the *Com* and *C22* varieties presenting values above 98%. Results agree with the report by [@bib28] in which yellow Arracacha presented the highest starch content among the main colored Arracacha varieties. Finally, amylose content for *Com*, *Car*, and *YH* varieties did not present any significant difference among them, with values in the 31%--32% range. On the other hand, starch from the *C22* variety showed an amylose content of 34.31 ± 0.19%. Both, [@bib28] and [@bib11] reported amylose content above 30% for yellow Arracacha starch, however, [@bib39] reported amylose content around 20% for the "*Amarela de Senador Amaral*" yellow Arracacha sub-variety. Those results indicate a wide range of amylose content among the sub-varieties of yellow Arracacha.Table 1Chemical composition of yellow Arracacha starches.Table 1StarchStarch (%)Lipids (%)Protein (%)Ash (%)Amylose (%)Com98.1 ± 0.3^a^0.06 ± 0.02^a^0.11% ± 0.05^a^0.16 ± 0.08^a^29.03 ± 0.18^a^Car97.2 ± 0.2^b^0.05 ± 0.02^ab^0.14% ± 0.08^a^0.12 ± 0.04^a^29.21 ± 0.64^a^C2298.4 ± 0.2^a^0.03 ± 0.01^b^0.12% ± 0.04^a^0.10 ± 0.03^a^34.31 ± 0.19^b^YH96.8 ± 0.8^b^0.03 ± 0.01^b^0.12% ± 0.05^a^0.15 ± 0.04^a^30.31 ± 0.13^a^[^1]

3.2. Morphology of the starch granules {#sec3.2}
--------------------------------------

[Figure 1](#fig1){ref-type="fig"} presents the SEM and polarized light microscopy images for all four starches studied. The *Car* starch showed polyhedral morphology, while the other three starches presented more ovoid, almost spherical, morphology. Recently, [@bib28] reported that starch from Arracacha roots produced in Colombia presented a mixture of round shaped and polyhedral morphologies. Furthermore, some of the starch granules had surface cracks and fissures that can be attributed to the compressed Lego-like structure previously reported for Arracacha and Mafafa starches ([@bib11]; [@bib27], [@bib28]) Likewise, [Figure 1](#fig1){ref-type="fig"} shows the PL micrographs of the different yellow Arracacha starches. All samples presented a well-defined birefringence pattern with a dark cross. Birefringence is a common feature of the starch granule structure and implies a high degree of molecular orientation within the granule. As for granule sizes, all four yellow Arracacha starches presented very similar values. As shown in [Table 2](#tbl2){ref-type="table"}, particle size ranged from 9.81 ± 2.23 to 13.74 ± 2.18 μm, with no significant difference among them.Figure 1Polarized Light of the yellow Arracacha starches. A1) *Com*; B3) *Car*; C5) *C22;* D7) YH and Scanning Electron Microscopy images of the yellow Arracacha starches. A2) *Com*; B4) *Car*; C6) *C22;* D8) YH.Figure 1Table 2Morphology, particle size, relative crystallinity (RC) and degree of branching (DB) of the different yellow Arracacha Starches.Table 2StarchMorphologyMean Particle size (μm)RC (%)DB (%)ComOvoid9.81 ± 2.23^a^31.54 ± 1.14^a^3.38 ± 0.03^a^CarPolyhedral10.11 ± 1.89^a^31.43 ± 1.35^a^3.33 ± 0.04^a^C22Ovoid11.06 ± 2.15^a^24.03 ± 1.12^b^3.09 ± 0.02^b^YHOvoid13.74 ± 2.18^a^31.48 ± 1.11^a^3.38 ± 0.02^a^[^2]

3.3. Structural characterization {#sec3.3}
--------------------------------

[Figure 2](#fig2){ref-type="fig"}-II shows the XRD patterns of the different Arracacha starches. All samples presented peaks at 2θ = 5.7°, 14.9°, 17.1°, 19.1°, 22.1°, and 24.2° that correspond to the semi-crystalline nature of the granule and the B-type structure commonly assigned to starches from Andean tubers ([@bib12]; [@bib13]; [@bib14]; [@bib48]). The RC for the *Com*, *Car*, and *YH* starches was around 31%, as shown in [Table 2](#tbl2){ref-type="table"}, values that agree with previous studies reporting RC values for Arracacha starch above 30% ([@bib31]; [@bib32]; [@bib39]; [@bib48]). Although the diffraction patterns of the four yellow Arracacha starches showed no significant difference in their characteristic peaks, the RC of the *C22* starch differed significantly (p \< 0.05) from the other three starch samples studied, with values around 24.03 ± 1.12 ([Table 2](#tbl2){ref-type="table"}). Previous studies have shown negative correlation between the amylose content and RC of the starch granules, given that the linear amylose molecules disrupt the crystalline packing of highly branched amylopectin molecules ([@bib6]; [@bib9]; [@bib19]). Thus, because *C2*2 had a higher amylose content than the other three Arracacha starches, a lower RC value was expected.Figure 2I) FTIR spectra and II) XRD diffractograms of the four yellow Arracacha starches. a) *Com;* b) *Car*; c) *C22*; *and* d) *YH*.Figure 2

[Figure 2](#fig2){ref-type="fig"}-I shows the FTIR spectra of all Arracacha starches. There was no significant difference among the four spectra, presenting the peaks and bands characteristic of the starch granule structure. The broad band in the 3700--3000 cm^−1^ region has been attributed to the stretching modes of OH groups, while the bands at 1157, 1105, and 982 cm^−1^ are commonly attributed to C--O and C--C stretching with some C--OH contributions ([@bib36]). Furthermore, the peaks at 1409 and 1433 cm^−1^ are associated with the C--H bending of CH~2~ and the peaks at 1240, 1299, and 1333 cm^−1^ are associated with O--H bending ([@bib36]).

Finally, ^1^H NMR spectra in the region from 3.0 to 5.5 ppm of all four Arracacha starches are shown in [Figure 3](#fig3){ref-type="fig"}. Degree of branching (DB) was calculated from the ^1^H NMR spectra and as shown in [Table 2](#tbl2){ref-type="table"}. The DB results showed no significant difference among the *Com*, *Car*, and *YH* varieties, with values in the range from 3.33% to 3.38%, while starch from the *C22* variety had a DB of 3.09 ± 0.02% (p \< 0.05). The DB is expressed as the percentage of α-(1--6) glycosidic linkages or branching points from the amylopectin molecules to the total of both α-(1--4) and α-(1--6) glycosidic linkages ([@bib42]). Given that α-(1--6) linkages come from the branched amylopectin molecules, a lower content of amylopectin in the starch granule leads to smaller DB values ([@bib33]) Thus, the lower DB value presented by the *C22* variety starch can be attributed to its higher amylose content with respect to the other Arracacha starches studied.Figure 3^1^H NMR spectra of the four yellow Arracacha starches. a) *Com;* b) *Car*; c) *C22*; and d) *YH*.Figure 3

3.4. DSC analysis {#sec3.4}
-----------------

[Figure 4](#fig4){ref-type="fig"} shows the DSC thermograms of the different yellow Arracacha starch samples; furthermore, [Table 3](#tbl3){ref-type="table"} shows the gelatinization parameters obtained from those thermograms. All four starches had an endothermic peak corresponding to the gelatinization of the starch granule. As with other results, starches from the *Com*, *Car*, and *YH* varieties showed a similar behavior, with gelatinization temperature around 60 °C. This value agrees with previous reports for Arracacha starches ([@bib3]; [@bib11]; [@bib22]; [@bib28]) Moreover, starch from the *C22* variety presented a slightly higher gelatinization temperature 63.1 ± 0.3 °C (p \< 0.05), a result that can be related to its highest amylose content. Starch gelatinization is a complex process that involves steps, such as water molecules penetrating the starch granule, especially the amorphous regions, and creating disruptive forces that are transmitted into the crystalline regions, and, as such, gelatinization temperature is dependent of the granule size and amylose content ([@bib7]; [@bib37]; [@bib50]). Previous reports have shown that higher amylose content in rice starches lead to increasing gelatinization temperatures ([@bib47]) This has also been reported for starches from tubers, such as cassava and yam ([@bib15]; [@bib24]).Figure 4DSC thermograms of the four yellow Arracacha starches. a) *Com;* b) *Car*; c) *C22*; and d) *YH*.Figure 4Table 3RVA and DSC parameters of the different yellow Arracacha Starches. Pasting temperature (PT), peak viscosity (PV), hot paste viscosity (HPV) at the end of the temperature plateau at 90 °C, and the cool paste viscosity (CPV) at 50 °C, breakdown (BD), setback (SB), and consistency (CS). Onset Temperature (T~0~), Peak Temperature (T~p~), Gelatinization Entalpy (ΔH~g~).Table 3StarchRVADSCPT (°C)PV (mPa∗s)HPV (mPa∗s)CPV (mPa∗s)BD (mPa∗s)SB (mPa∗s)CS (mPa∗s)T~0~ (°C)T~p~ (°C)ΔH~g~ (J/g)Com60.9 ± 0.5^a^899 ± 3^a^752 ± 2^a^856 ± 5^a^146 ± 3^a^-43 ± 1^a^104 ± 5^a^51.7 ± 0.3^a^60.7 ± 0.2^a^2.3 ± 0.1^a^Car59.3 ± 0.2^a^841 ± 5^b^700 ± 10^b^820 ± 3^b^140 ± 4^a^-20 ± 4^b^120 ± 2^b^51.3 ± 0.2^a^60.1 ± 0.2^a^2.1 ± 0.1^a^C2262.8 ± 0.3^b^960 ± 4^c^916 ± 3^c^1021 ±8^c^43 ± 2^b^61 ± 2^c^105 ± 3^a^54.5 ± 0.2^b^63.1 ± 0.3^b^2.1 ± 0.2^a^YH60.6 ± 0.7^a^838 ± 1^d^743± 5^d^847 ± 3^d^65 ± 5^c^8 ± 1^d^104 ± 4^a^51.7 ± 0.1^a^60.3 ± 0.1^a^2.2 ± 0.1^a^[^3]

3.5. Pasting properties {#sec3.5}
-----------------------

The pasting properties and relative pasting curves of the four Arracacha starch samples are illustrated in [Table 3](#tbl3){ref-type="table"} and [Figure 5](#fig5){ref-type="fig"}, respectively. All four starches had similar PT around 60 °C, with only the *C22* starch presenting a slightly higher temperature at 62 °C. The PV was also higher for the *C22* starch, reaching 960.2 cP, while the other three starches remained in the range from 800 - 900 mPa∗s. The highest PV value for the *C22* starch can be explained by its higher amylose content, as it has been reported that higher amylose contents in the starch granules can lead to higher paste viscosity ([@bib28]; [@bib38]; [@bib47]). Furthermore, CPV values were also higher for the *C22* starch paste (1021.4 mPa∗s) than for the other three starches (820--855 mPa∗s). CPV is related to the rearrangement of the amylose molecules, mostly due to aggregation process, thus, the higher amylose content in the starch granules can lead for higher CPV values ([@bib5]; [@bib26]). Furthermore, the *C22* starch showed the highest SB and lowest BD values among the four samples. The BD measures the paste resistance to heat and shear, while SB can be used as an index of the starch retrogradation ([@bib26]). Results indicate that the *C22* starch has a higher tendency to retrogradation.Figure 5Pasting profiles of the four yellow Arracacha starches. a) *C22*; b) *Car*; c) *YH*; and d) *Com*.Figure 5

3.6. Water sorption isotherms {#sec3.6}
-----------------------------

Sorption isotherms obtained for the four Arracacha starch samples at 25 °C are presented in [Figure 6](#fig6){ref-type="fig"}. The experimental data represent the mean of three replications. All four samples showed increasing equilibrium moisture content as water activity was increased; furthermore, they presented a sigmoidal shape that is commonly assigned to Type II isotherms, according to the Brunauer\'s classification ([@bib8]). Several authors have reported that sorption isotherms for different starches can be assigned to the Type II classification ([@bib2]; [@bib10]; [@bib20]; [@bib34]; [@bib35]; [@bib44]).Figure 6Sorption isotherms of the four Arracacha starches. (■) *Com*; (•) *Car*; (▲) *C22*; and (▼) *YH. Dotted line were drawn to guide the eye.*Figure 6

[Table 4](#tbl4){ref-type="table"} shows the fitting constants of the different mathematical models studied and their correlation coefficients. All four starches showed good correlation with the two models used (B.E.T and G.A.B) and starches from the *Com*, *Car,* and *YH* varieties had similar constant values, while the *C22* differed slightly. The B.E.T and G.A.B models allow evaluating monolayer moisture content of food products ([@bib16]). In both models, the *C22* starch presented lower W~0~ values than the other three starches, indicating lower water molecule sorption in the monolayer. It seems that the higher amylose content of the *C22* starch affected interaction with water molecules, however, further analyses are required.Table 4Constant parameters obtained through the mathematical fitting of the B.E.T and G.A.B models to the sorption isotherms of the different yellow Arracacha starches. T = 25 °C.Table 4Mathematical ModelParameterComCarC22YHB.E.TW~0~0.1580.1540.1440.159C23.54124.28619.15724.158R^2^0.9650.9520.9760.967G.A.BW~0~0.2170.2080.1800.204C22.45826.35218.89623.903k0.5840.5730.6990.579R^2^0.9450.9310.9310.919

3.7. In-vitro digestibility {#sec3.7}
---------------------------

Finally, the amounts of RDS, SDS, and RS on the four Arracacha starch samples are presented in [Table 5](#tbl5){ref-type="table"}. All four starches had relative high RS values (\>10%). These values agree with the resistance to enzymatic digestion associated with starches with B-type semi-crystalline structures ([@bib23]; [@bib29]). Among the four starches, the *C22* presented the highest content of RS (15.3 ± 0.4%). A positive relation has been reported between amylose and RS contents in the starch granule, given that higher amylose content allows stronger starch granules (reflected in their RC and gelatinization temperature values) that are more resistant to enzymatic hydrolysis ([@bib46]; [@bib55]). Once again, the higher amylose content of the *C22* starch separates it from the other three starches, allowing for higher RS content.Table 5Rapidly digested starch (RSD), slowly digested starch (SDS), and resistant starch (RS) contents of the four yellow Arracacha starches.Table 5StarchRDS (%)SDS (%)RS (%)Com57.1 ± 0.3^a^31.1 ± 0.2^a^10.1 ± 0.3^a^Car63.4 ± 0.2^b^21.6 ± 0.3^b^12.9 ± 0.5^b^C2252.7 ± 0.4^c^24.8 ± 0.3^c^15.3 ± 0.4^c^YH61.9 ± 0.2^b^22.4 ± 0.1^b^12.1 ± 0.2^b^[^4]

4. Conclusion {#sec4}
=============

Previous studies reported no significant difference among the main subdivision of the Arracacha roots (purple, yellow, and white), however, our results showed that significant differences exist among the different sub-varieties, specially, yellow variety. Starch from the *C22* sub-variety presented higher amylose content that the other three starches studied. This led to changes in other properties studied such as lower relative crystallinity, lower degree of branching, and higher gelatinization temperature and resistant starch content. Our results show that there can be significant difference among starches from different Arracacha sub-varieties, increasing the probability of finding new applications to this important Andean Tuber. This study marks an initial step in the comprehensive studied of starch from different Arracacha sub-varieties both from the yellow, and the other two types, that are commonly growth in Colombia and other Andean countries.
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